Wheat stripe rust, caused by Puccinia striiformis f. sp. tritici (Pst), is a devastating 2 disease that can cause severe yield losses. Identification and utilization of stripe rust 3 resistance genes are essential for effective breeding against the disease. Wild emmer 4 accession TZ-2, originally collected from Mount Hermon, Israel, confers 5 near-immunity resistance against several prevailing Pst races in China. A set of 200 6 F 6:7 recombinant inbred lines (RILs) derived from a cross between susceptible durum 7 wheat cultivar Langdon and TZ-2 was used for stripe rust evaluation. Genetic analysis 8 indicated that the stripe rust resistance of TZ-2 to Pst race CYR34 was controlled by a 9 single dominant gene, temporarily designated YrTZ2. Through bulked segregant 10 analysis (BSA) and SSR mapping, YrTZ2 was located on chromosome arm 1BS and 11 flanked by SSR markers Xwmc230 and Xgwm413 with genetic distance of 0.8 cM 12 (distal) and 0.3 cM (proximal), respectively. By applying wheat 90K iSelect SNP 13 genotyping assay, 11 polymorphic loci (consist of 250 SNP markers) closely linked 14 with YrTZ2 were identified. YrTZ2 was further delimited into a 0.8 cM genetic interval 15 between SNP marker IWB19368 and SSR marker Xgwm413, and co-segregated with 16 SNP marker IWB28744 (attached with 28 SNP markers). Comparative genomics 17 analyses revealed high level of collinearity between the YrTZ2 genomic region and the 18 orthologous region of Aegilops tauschii 1DS. The genomic region between loci 19
INTRODUCTION
Bread wheat (Triticum aestivum L.) is one of the top three most important food crops 2 which production affects worldwide food security. Stripe rust, caused by Puccinia 3 striiformis f. sp. tritici (Pst), is one of the severest wheat diseases worldwide. Growing 4 resistance cultivars is the most cost-effective and environmentally friendly method to 5 control this disease. Up to date, more than 60 formally named and many other 6 provisionally designated stripe rust resistance genes or quantitative trait loci (QTL) 7 have been reported (McIntosh et al. 2013 (McIntosh et al. , 2014 (McIntosh et al. , 2016 . Out of them, two stripe rust 8 resistance genes, Yr36 and Yr18, have been isolated through map-based cloning 9 strategy (Fu et al. 2009; Krattinger et al. 2009 ). However, stripe rust resistance genes 10 tend to become ineffective due to the continuous evolution of Pst races and 11 monoculture deployment of resistance cultivars in wide area (Wan et al. 2004 (Wan et al. , 2007 12 de Vallavieille-Pope et al. 2012) . So there is a continued need for identification and 13 utilization of diversified resistance genes from various wheat germplasm resources. 14 Wild emmer (Triticum turgidum ssp. dicoccoides, 2n = 4x = 28, AABB) is 15 allotetraploidy with A and B sub-genomes, which was derived from a spontaneous 16 hybridization of two diploid wild grasses Triticum urartu (2n=14, AA) and an as yet 17 unidentified Aegilops species related to Aegilops speltoides (2n=14, SS) (Dvorak et al. 18 1993; Dvorak and Zhang 1990) . Wild emmer is the progenitor of cultivated tetraploid 19 durum wheat (Triticum turgidum ssp. durum, AABB) and hexaploid bread wheat 20 (Triticum aestivum, AABBDD) (Feldman 2001), harboring abundant genetic 21 resources for wheat improvement, including abiotic stress tolerances (salt, drought 22 and heat), biotic stress tolerances (powdery mildew, rusts and Fusarium head blight), 1 grain protein quality and quantity, and micronutrient concentrations (Zn, Fe, and Mn) 2 (Xie and Nevo 2008) . Manual selection during wheat domestication resulted in an 3 inadvertent loss of genes and quantitative trait loci (QTL) beneficial for improving 4 wheat agronomic and economic traits. Although they could be introgressed into 5 modern wheat cultivars through traditional long-term breeding methods, molecular 6 breeding provides an improved strategy for wheat improvement and can greatly 7 shorten the breeding period. 8 Previously, molecular markers used for genetic linkage maps are mainly comprised of 9 restriction fragment length polymorphisms (RFLPs) (Blanco et al. 1998 ), amplified 10 fragment length polymorphisms (AFLPs) (Nachit et al. 2001) , simple sequence 11 repeats (SSRs) (Somers et al. 2004; Song et al. 2005) , and diversity arrays technology 12 (DArT) (Akbari et al. 2006; Peleg et al. 2008 (Ganal et al. 2011; Riedelsheimer et al. 2012), and wheat (Akhunov et al. 2009; Luo et 19 al. 2009; Cavanagh et al. 2013; Wang et al. 2014). 20 Fine mapping and map-based cloning of wheat genes is tedious because of the 21 characteristics of wheat genome: allopolyploid (AABBDD), large genome size (17 22 gigabase) and numerous repeat DNA (90%). The availability of draft genome 1 sequences and International Wheat Genome Sequencing Consortium (IWGSC) 2 survey sequences of T. aestivum cv. Chinese Spring, T. urartu accession G1812 and 3 Ae. tauschii accession AL8/78 (Brenchley et al. 2012; Jia et al. 2013; Ling et al. 2013; 4 IWGSC 2014) facilitates wheat gene mapping. In particular, the released 5 high-resolution SNP genetic linkage map and accurate physical map of Ae. tauschii 6 accession AL8/78 provides closely wheat-related target for comparative genomics 7 analyses (Luo et al. 2013). 8 In present study, we report: (1) the identification and genetic mapping a 9 near-immunity stripe rust resistance gene YrTZ2 derived from wild emmer with 10 microsatellite markers and 90K iSelect SNP genotyping assay, and (2) comparative 11 genomics analysis of the genomic regions of YrTZ2 with the genetic linkage map and 12 physical map of Ae. tauschii.
13

MATERIALS AND METHODS
14
Plant Material
15
The wild emmer accession TZ-2 was used as the stripe rust resistant parent to make 16 cross with a highly susceptible durum wheat cultivar Langdon. A set of 200 F 6:7 17 recombinant inbred lines (RILs) advanced by single-seed descent approach and the 18 parental Langdon and TZ-2 were evaluated for stripe rust resistance with the 19 prevailing Pst race CYR34. A highly susceptible wheat variety Mingxian169 was used 20 as the susceptible control.
21
Stripe rust evaluations 22 The parental lines Langdon and TZ-2, Langdon/TZ-2 hybrid F 1 , 200 F 6:7 RILs and 1 susceptible control Mingxian169 were inoculated with Pst race CYR34 at the jointing 2 stage in Chengdu of Sichuan Province, China. At 18 -20 days post inoculation when 3 the susceptible control Mingxian169 had become severely infected, the infection type 4 (IT) was recorded with a scale of 0 -4, with 0 (immune reaction), 0; (hypersensitive 5 reaction), 1 (highly resistant), 2 (moderately resistant), 3 (moderately susceptible) and 6 4 (highly susceptible), the values of 0 -2 were rated as resistant, and those of 3 -4 7 were rated as susceptible (Zhang et al. 2001) . ITs were recorded again ten days later.
8
Genomic DNA isolation and SSR marker analysis 9 Genomic DNAs of the parental lines and the F 6:7 RILs population were extracted from 10 seeding leaves using the Plant Genomic DNA Kit (Tiangen Biotech, CO., Ltd, Beijing, 11 China). DNA concentration was quantified using NanoPhotometer® P360 (Implem 12 GmbH, Munich, Germany) and normalized to 100 ng/ul. Resistant and susceptible 13 DNA bulks were produced by separately mixing equal amounts of DNA from ten 14 homozygous resistant and ten homozygous susceptible F 6:7 families for bulked 15 segregant analysis (Michelmore et al. 1991) . Wheat genomic SSRs (Xgwm, Xwmc, 16 Xbarc, Xcfa, and Xcfd series, https://wheat.pw.usda.gov) were used for polymorphism 17 surveys between the two DNA bulks, and the polymorphic SSR markers were 18 subsequently genotyped in the RIL mapping populations. 19 PCR reactions were carried out in a 10 μ l reaction volume with the following 20 conditions: one denaturation cycle at 94° for 5 min, followed by 35 cycles at 94° for 21 45 s, 55 -65° (depending on specific primers) for 45 s, and 72° for 1 min, followed by 22 an extension step of 72° for 10 min. Fragment analysis of PCR products were carried 1 out on 8% non-denaturing polyacrylamide gels (39 acrylamide: 1 bisacrylamide). 2 After electrophoresis, the gels were silver stained and photographed. The wild emmer accession TZ-2 and durum wheat cultivar Langdon showed nearly 5 immune and highly susceptible to stripe rust, respectively. The F 1 plants are highly 6 resistant to CYR34, indicating the dominant nature of the stripe rust resistance in Of the 200 F 6:7 RILs derived from the cross between Langdon and TZ-2, 103 were 8 resistant (IT 0-2) and 97 were susceptible (3-4), which fits the expected 1:1 ratio for a 9 single gene inheritance (χ 2 1:1 = 0.18, P<0.05), indicating that a single dominant locus, 10 provisionally designated YrTZ2, in TZ-2 is responsible for the stripe rust resistance. Xgwm413 (Fig. 1 ).
20
Chromosome arm assignment and physical bin mapping 21 In order to locate the YrTZ2 in the deletion bins on chromosome 1BS, Chinese Spring 22 homoeologous group 1 nullisomic-tetrasomics, ditelosomics and deletion lines were 1 used to assign the chromosomal and physical bin locations of the YrTZ2-linked SSR 2 markers. Both SSR markers Xgwm413 and Xwmc230 were detected in N1A-T1B, 3 N1D-T1A, Dt1BS and 1BS-9, but absent in N1B-T1A, Dt1BL and 1BS-10 ( Fig. 2) , 4 indicated that YrTZ2 is located on chromosome 1BS bin 0.50-0.84 ( Fig. 1 ). YrTZ2. Finally, YrTZ2 was delimited within a 0.8 cM genetic interval between locus 10 IWB19368 and marker Xgwm413, and co-segregated with locus IWB28744 11 (consisting of 28 attaching SNP markers) that could be served as a starting point for 
